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Introduction

With funding from the State of Caiifornia Department of Fish and Game and a

U.S. Fish and Wildlife Service Endangered Species Grant-in-aid, the Center for

Conservation Biology has conducted research on the palmate-bracted bird's beak,

Cordylanthuspalmatus, since the summer of 1990. The first and second stages of this

research were summarized in March 1992 and March 1993 reports.

This third report describes the results and conclusions of research conducted

on Cordylanthuspalmatussince March 1993, including the establishment of long-term

monitoring of the population at Springtown Alkali Sink (Livermore, California), studies

on the role of pollinator species in the reproductive success of C. palmatus, studies of

the genetic variability within and between populations of C. palmatus, characterization

of soils at Springtown, and determination of soil characteristics strongly correlated with

plant distribution.. The overall purpose of this study is to aid development of

management plans for C. palmatusat the Springtown Alkali Sink and other locations.

This report does not include a description of the life history of Cordylanthus

palmatus, land use in the Springtown region, and details of earlier work, all of which

were presented in earlier reports.

Conservation of Cordylanthue palmatus, Center for Conservation Biology, Stanford University •
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Summary of 1993 Activities

Research activitiesin 1993 were conductedto addressseveralquestions

pertinentto the developmentof managementplansfor Cordylanthus palmatus at the

• Springtown Alkali Sink and other locations. The text of this report is arranged in six

sections detailing major topics of study as summarized below. Each section includes

an Introduction, Methods, and Results and Discussion. These six sections describing

• specific research activities are followed by general Conclusions and
Recommendations section.

1) Long-term monitoring of Cordylanthus palmatus populations.

The numberof C. palmatus individualsat SpringtownAlkaliSink was estimatedand

comparedto censusdata collected 1990-1992 in orderto assessthe stabilityof the C.

palmatus abundancefromyear to year. Methodologiesfor estimatingthe numberof

individualsas detailed in the proposedLong-termMonitoringData CollectionPackage

(AppendixA) were implemented. Other locationssupportingC. palmatus populations

were also visited,and the numberof individualsestimated.

2) Role of pollinators In reproduction of Cordylanthus palmatus.

Studieswere conductedto identifypollinatorspecies, examinetheir behavior,and

determinetheir role in the pollinationand reproductivesuccessof C. palmatus.

Pollination experiments compared pollination and seed production in naturally

pollinated,hand pollinated,and pollinator-excludedplants.

• Conservation of Cordylanthus palmatus, Center for Conservation Biology, Stanford University
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3) Assessment of genetic variability among and within populations of

Cordylanthus palmatus.

Plantsamplesfrom populationsof C. palmatus were analyzedfor genetic variability

usingelectrophoretictechniques. Analysisallowedassessmentof geneticvariability

among and withinpopulations.

4) Characterization of soil at Sprlngtown and correlation to

Cordylanthus palmatus dlstrlbuUon.

Fine-scale soil typeswere definedand mapped,and surfacesoilsampleswere

analyzedfor salinityparametersand pH. Variableswere analyzedto determinesoil

parametersmostcorrelatedto C. pa/matus distribution.

5) Effects of fire on vegetation composition and vegetation.

In August 1992, a grass fire burnedan area of southeastSpringtownadjacentto the

residentialdevelopment. Vegetationsurveysweredone duringspringand summerof

1993 to compare plantspeciescompositionand coveron adjacent burnedand

unburnedplotsto assessthe effectsof fire.

6) Natural history observations.

Natural historyobservationspertinentto managementplanningfor the Springtown

Alkali Sink are presented and discussed. •

Conaervation of Cordylanthua palmatus, Canter for Conaervatlon Biology, Stanford University •
7/14/94 6



1] Long-term Monitoring of Cordylanthus palmatuspopulations

Introduction

Cordylanthus palmatus is presentlyknownfromfive locationsin the Centraland

• Livermore Valleysof California. The majority of recent research and management

planning efforts have focused on the Springtown Alkali Sink population located in

Livermore, Alameda County, California (Figure 1) where intensive study has been

conducted since 1990 by the Center for Conservation Biology, Stanford University

(see Appendix B for project personnel). Other C. palmatus populations are found in

the Deievan National Wildlife Refuge, the Colusa National Wildlife Refuge, and the

Mendota Alkali Sink Ecological Refuge (Figure 2). An additional recently introduced

"population" is located in the Sacramento National Wildlife Refuge. The current status

of C. palmatus recorded near the town of Woodland is undetermined.

The abundance and distribution of Cordylanthus palmatus across the whole of

Springtown were intensively monitored for three years (see CCB 1992 and CCB

1993). During that time, techniques were developed that will allow rapid assessment

of the abundance and distribution of C. palmatusfor long-term monitoring of the

species. These techniques, detailed in the Long-Term Monitoring Data Collection

Package (Appendix A), were designed to provide results of sufficient quality to identify

gross changes in abundance and distribution without requiring the time and expenses

of intensive field surveys.

The long-term monitoring techniques were implemented during 1993 to assess

the abundance and distribution of Cordylanthus palmatus at Springtown. Visual
Q

surveys were made at Central Valley locations to evaluate those populations.

• Conservation of Cordylanthua palmatua, Center for Conservation Biology, Stanford University
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Figure 1. Areas and approximate parcel ownership at Springtown Alkali Sink, Livermore,
California. Adapted from Coats eta/. 1988.

e

i •

Dalton
west Avo.

northwest northeast e

south-
southeast

A Anden group b_ $
F Federal C_.anlcalions Commission /
G Gmvnats I 200 m Ni IH SheaHomes

K K_ and Broed

L City of Livwmore 0

S S & L Investments Inc.

Conservation o! Cordylanthus palmatus, Center for Conservation Biology, Stanford University Q
7/14/94 8



Figu re 2. Dislributionof Cordylanthuspalmatus. See text for details.
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Methods

Cordylanthus palmatus populationswere evaluated during June, July,August,

and Septemberof 1993. Resultsof all surveyswere recordedon CaliforniaNatural

DiversityDatabase forms and submittedappropriately.Copiesof completedCNDDB

formsare includedin AppendixC.

Lg.12g:tJtr.mM._ of SDrino_town0o[)ulation. Transectsrepresentingthe physical

and biologicaldiversityinthe Springtownecosystemwere establishedin four

subareasof the site: West, North(canbe subdividedintoNorthwestand Northeast),

Southwest,and Southeast(Figure 1). Each transectwas furthersubdividedinto

segmentsrepresentingdifferenthabitattypesthat are knownto supportCordylanthus

pa/matus or that appear to be suitableC. palmatus habitat (see AppendixA for

locationof transects).

Each transectsegmentwas walked in an allottedperiodof time. The numberof

Cordylanthus palmatus individualsencounteredwas estimatedon a semi-logscale: •

0
1 to 3
4 to 10
11 to 30 •
31 to 100
101 to 300
301 to 1000
1001 to 3000

3001 to 10,000 •
10,000+

The total numberof individualsin each subareawas estimatedby "adding" the totals

for each segment.

All individualsthat were at leastpartiallygreen duringthe censusperiodwere

includedin the estimates. Completelydessicatedplantswere ignored. 1993

Conservation of Cordylanthua palmatu=, Center for Conservation Biology, Stanford University •
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monitoring was conducted by Alan Launer, Kathy Switky, Erica Fleishman, Duncan

Elkins, and Steve Rottenborn, during July, August, and September.

of Central _ 12.g.12g.t_J.gJ3_.CCB biologists visited populations of

Cordylanthus palmatus located in Delevan National Wildlife Refuge, and

Colusa National Wildlife Refuge in June 1993. The Sacramento National

Wildlife Refuge was also visited in order to survey newly-reported occurrences

of C. palmatusthere. The population at Mendota Alkali Sink Ecological Refuge
e

was surveyed 4 June 1993. In addition, a site near Los Banos was visited in

September 1993 to survey an occurrence of Cordylanthus mollis hispidus.

During these visits, the number of individual Cordylanthus palmatus plants

present at each site was estimated. These site-visits were conducted primarily to

collect samples for genetic analyses, and estimation of the number of C. palmatus

individuals present was a secondary consideration (indeed, the timing these visits was

• too early in the season to yield data comparable to our 1992 estimates).

Results and Discussion

• _ Alkali Sink_. 1993 surveys of the monitoringtransects at the

SpringtownAlkali Sink indicatethat between 7,400 and 24,300 individualswere

present,and our best estimateis that there were between 10,000 and 12,000

• individuals. Year-to year variationinthe number of Cordylanthus palmatus individuals

is indicatedin Table 1. Notethat the numberof C. palmatus individualsestimatedat

Springtownin 1993 was lower than the numberobserved in 1992, butthat this

• estimate was quite similar to those observed in 1990 and 1991.

While the total numberof Cordylanthus pa/matus individualsat Springtown

appears to have decreasedcomparedto 1992 levels,changes in abundancewithin

• Conservation of Cordylanthum palmatus, Center for Conservation Biology, Stanford University
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subareas varied. The number of C. palmatus in West, Northeast,and Southeast

subareasdecreasedto levelscomparableto 1990 and 1991. The numberof plants in

Northwestand Southwestsubareasappear to havechanged littlesince 1992.

The decrease in the numberof individualsin the Springtownpopulationin 1993

followinga year of increasedabundancein 1992 further demonstratesthat

Cordy/anthus palmatus can undergodramaticfluctuationsin numberof plantspresent.

Additionally,the asynchronyin the changesin numberof plantsinthe subareasat

Springtownindicatesthat a leastsome of the factorsinfluencingnumberof individuals

vary on a spatial scale muchsmallerthan that of the site.

Many of the changesin Cordylanthus pa/matus abundancefrom year to year

are undoubtedlycausedby annual weatherpatterns. 1993 was a drier year than

1992, a difference that likely resultedin lessgerminationand establishmentof C.

pa/matus. The interactionbetweenthe amountand timing of rainfall,and the complex

hydrologicand edaphicfeatures of the site couldwell explainthe observedannual

variation in number of individualplants. •

Part of the mechanism behind these fluctuations in Cordylanthus palmatus

abundance may be related to increased activation of the extensive seed bank.

Previous work demonstrated that C. palmatus seeds remain viable over relatively long

dormancy periods (CCB 1993). Thus, in years during which conditions are especially

favorable for germination and seedling survival (as determined by amount of timing of

rainfall and local edaphic and hydrologicvariables), the recruitmentof C. palmatus •

from the seed bank may lead to dramaticincreasesinabundanceof matureplants.

During less favorableyears, fewer C. pa/matus plantsmay be presentas greater

proportionsof the seed bank maintaindormancy. •

Giventhis probableflexibilityin germination,the numberof dormantseeds

present inthe seed bank probablyvariesconsiderablyfrom year to year. The present

Conservation of Cordylanthue palmatue, Canter for Conservation Biology, Stanford University •
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seed bank at Spdngtown is likely large, owing to the exceptionally large numbers of

Cordylanthus palmatus individuals present in 1992 and to the apparent modest rate of

germination in 1993.

Another factor likely impacting the number of Cordylanthus palmatus individuals

is grazing. The removal of cattle from north Springtown in 1991 was cited as a

possible, though likely secondary, explanation for the 1992 increase in C. palmatus

abundance; stream channels and edges of seasonal ponds where C. palmatus grows

were no longer being trampled by cattle (CCB 1993).

During 1993, the absence of grazing may have begun to have a negative

impact on Cordylanthus palmatus abundance, allowing non-native grasses to

gradually crowd out C. palmatus. Grazing is thought to control the establishment and

growth of non-native grasses which may compete with C. palmatus in some areas at

Springtown. Most, if not all, ecosystems in central California have been disturbed by

human activities to the extent that without some active management they will gradually

• become dominated by non-nativespecies -- much to the detriment of native species.

Thus, at Springtown the apparent benefits gained by not being trampled may

eventually be counteracted by increased competition with non-native grasses.

• The long-term impacts of grazing must be consideredas yet untested

hypotheses. The precise extent that non-native species compete with Cordylanthus

palmatus and other alkali sink natives is not known, but it is likely that the Springtown

• ecosystem has been irreversibly altered by the introduction of non-native plant species

and other human activities. As suggestedin CCB (1993), well-manag.eddry season

grazing may favorC. palmatus and other native species,minimizedisruptionof

• seasonal wetlands, and provide somecontrol of invasive, non-native species. Grazing

experiments are required to determine conclusively whether limited grazing is an

appropriate component of a management regime for this species.

• Conservation of Cordylanthue palmatue, Canter for Conservation Biology, Stanford University
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Table 1. Cordylanthuspalmatus surveys, 1990 - 1993, by region at Springtown. Regions and
rough parcels of ownership are indicated in Figure 1. Because new long-term monitoring
methodologies were used in 1993, the number of individuals given are estimates.

Number of Cordylanthus palmatus

SITE 1990 1991 1992 1993 •

West 172 360 604 100 - 300

North 1,049 1,940 14,902 3,300 - 11,000

Southwest 1,538 2,198 6,168 3,000- 10,000

Southeast 6,235 5,941 14,9201 1,000- 3,000

TOTAL 8,994 10,439 36,594 7,400 - 24,300

1 A portion of southeast Springtown burned in a grass fire prior to the 1992 survey (see Figure 9).
While some Cordylanthus palmatus individuals in the burn area were still evident during the
survey, many individuals were obliterated by the firebreaks and could not be counted in the
survey. •

Table 2. Estimated number of plants in known populations of Cordylanthus palmatus, 1992 and •
1993.

EST. NUMBER OF PLANTS
SITE 1992 1993

Delevan National Wildlife Refuge 75,000 - 125,000 104 - 105 * •

Colusa National Wildlife Refuge 36,000 - 70,000 104 - 105 *

Livermore, Springtown 36,000 10,000 - 12,000

Alkali Sink Ecological Reserve, CNDDB occ. 11 450 400 - 500
Sacramento National Wildlife Refuge -- 300 - 500 **

• Early season surveys.
• * Newly introduced population not surveyed in 1992.

Conservation of Cordylanthus palmstus, Canter for Conservation Biology, Stanford University •
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methodology forSoringtownAlkaliSink. Although the long-term

monitoringmethodsemployed in 1993 do not providethe fine-scale resolutionof

abundanceand distributionpatternsof Cordy/anthus pa/matus acrossthe Springtown

site, the methodologydetectedbroadchangesin the numberof individualsin the

major subareasof Springtown,and allowedassessmentof C. pa/matus abundances

in a fractionof the time and expenserequiredfor the 1990-1992 surveys. The long-

term monitoringmethodsare thusconcludedto be a soundprotocolthat willefficiently

providereliableevaluationsof the C. palmatus populationat SpringtownAlkali Sink.

See AppendixA for the CompleteLong-termMonitoringpackage.

Central.__. Early summer surveys of Central Valley Cordylanthus

• palmatus populationsallowedfor crudeestimatesof the numberof individuals.

Estimatesforeach of the CentralValleysitesare listedin Table2. Completed

CaliforniaNatural DiversityDatabase field survey forms for all siteson which

• Cordylanthus palmatus was surveyed are attached in Appendix C.

Newly-reportedoccurrencesof Cordy/anthus pa/matus in the Sacramento

NationalWildlife Refuge Complexconsistedof fewer than 500 plants. Refuge biologist

• Greg Mensik surveyed three additionalnew occurrences: one located in Tract2 of

Colusa NationalWildlife Refugeconsistingof hundredsof plants;and two at Delevan

NationalWildlife Refuge, one locatedinTract 14 with hundredsof plants,and one

• located in Tract 33 which supported tens of thousandsof plants.

It was ourgeneral impressionthat the numberof individualplantsat Colusa,

Delevan, and Mendotawas somewhatlowerthan 1992 levels,butthiswas not

• quantified. Even withslightdecreasesinthe numberof plants,observationsand

estimatesof Cordylanthus pa/matus at the locationsin the northernCentralValley and

at Livermoreindicatethat those populationsare notin immediate riskof extirpation.

• Conservation of Cordylanthus palmatus, Center for Conservation Blology, Stanford Unlvarslty
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The statusof the Cordylanthus palmatus population(s) at the Alkali Sink

Ecological Reserve (Mendota), however, is less clear. In this southern-most occupied

area the plants are comparatively few in number and apparently limited in their

distribution to the vicinity of several roads. It is our general impression, albeit not well

quantified, that the C. palmatus at the Alkali Sink Ecological Reserve could be rapidly

extirpated by a few relatively minor activities, particularly road realignment (impacts

from road work would be at least two-fold; 1) plants and seeds living next to the roads,

the majority of the individuals, could be directly eliminated, and 2) any road work could

alter the hydrologic and edaphic characteristics of the site).

The southern population(s) notwithstanding, we conclude at the current level of

protection, this federally- and state-listed endangered species is not in immediate

danger of extinction. This is not to say that this locally abundant species is a good

candidate for delisting (or down-listing). On the contrary, because of extensive habitat

loss throughout central California, Cordylanthus palmatus is locally abundant in only

two areas (north Central Valley, and Livermore Valley). Both of these areas are

experiencing major changes in resource utilization and support human activities

potentially catastrophic to C. palmatus. In the north portion of the Central Valley, water

is strictly controlled and agriculture is the dominant industry. The long-term impacts of •

recent rulings guaranteeing minimum flow rates (designed to benefit fishes such as

the delta smelt and the winter-run chinook salmon) on the hydrology of the region's

seasonal wetlands is unknown. Likewise, the use Ofbiocides is ubiquitous in the •

region, and it is not inconceivable that a single accident could eliminate one of the

larger populations of C. palmatus. Inthe Livermore Valley, creek chanelization, road

construction, residential development, and a host of other human-related activities •

have severely altered the Springtown ecosystem -- to the extent that long-term

persistence of the ecosystem itself is not guaranteed. Additionally, extended drought

Conservation of Cordylanthus palmatus, Center for Conearvatlon Biology, Stanford University •
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or periods of deluge could impact significantlyC. pa/matus populations in either the

Central Valleyor the LivermoreValley. Thisthreatis exacerbatedbythe fact thatthere

are few undevelopedareas adjacentto thoseoccupiedby C. palmatus -- areas

where the populationcould"shift"in distributionto in the eventof changing

environmentalconditions.

• Conservation of Cordylsnthua pslmatus, Center for Conservation Biology, Stanford University
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2] Role of pollinators in reproduction of Cordylanthus palmatus

Introduction

Previousresearchon the reproductivebiologyof Cordylanthus palmatus at

SpdngtownAlkali Sinkexaminedthe effectsof self-pollinationversusoutcrossingon

fruit and seed production,and identifiedand observedprobablepollinators(CCB

1993). Field observationsidentifiedthe bumblebee,Bombus californicus, as the

predominant pollinator during the early flowering period in July 1992 (CCB 1993). •

Bees were observed transporting pollen within and between plants, thus facilitating

both inbreeding and outcrossing. Observations further suggested that while B.

californicus may "specialize" on C. palmatus during the early flowering season, it is •

likely only one of a succession of pollinators to visit C. palmatus flowers.

In order to identify any other significant pollinators of Cordylanthus palmatus,

and to assess the importance of pollinators in the reproduction of C. palmatus, •

experiments were conducted during the spring and summer of 1993 to address the

following questions:

1 Are bees of the genus Bombus the only significant pollinators of Cordylanthus

palmatus?

2! .To what extent, if at all, is the reproduction of Cordylanthus palmatus pollinator-

limited?

3) To what extent might Bombus be a vector for pollen transport between spatially

isolated patches of Cordylanthus palmatus at Springtown?

Conservation of Cordylsnthus pslmstus, Center for Conservation Biology, Stanford University
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4) Where do Bombus nest?

Life History of Bombus. Bees of the genus Bombus are large (20-25 mm) bees

that establish colonial nests, typically in abandoned rodent burrows located in grassy,

upland areas -- areas not subjected to seasonal inundations. These bees forage

widely on pollen and nectar, flying up to several kilometers between their nest and

flower patches. While exploring flowers, Bombus"buzz" with their thoracic muscles,

dislodging pollen which clings to dorsal thoracic bristles. After visiting a flower, the

bee then grooms itself to transfer the collected pollen to specialized carrying structures

called corbicula. Large accumulations of pollen in these structures are easily visible at

a distance of several meters. Returning to their nest, worker bees transfer their pollen

to "pots" constructed by the queen for storage. Pollen is eaten by the adult bees,

stored for later use, or fed to the larvae.

• Methods

Bombus ._. Visual surveyswere conductedbetween 1 June and 1

October to identifyandcount insectspollinatingCordylanthus palmatus. Fieldsurveys

• consistedof 10-minute observationsat each of fivesiteswith high densities of C.

palmatus. Voucherspecimensof each Bombus speciesseen on C. palmatus flowers

were captured and mounted,and identifiedby Dr.RobinThorpof the Departmentof

• Entomology at the Universityof California at Davis.

In order to determine the approximate location of Bombus nests, the flight paths

of worker bees leaving patches of Cordylanthus palmatuswere recorded on field

• maps prepared from aerial photosof the site. Itwas assumed that worker bees heavily

laden with pollen in the late afternoon would be returning directly to the nest, so

individual workers were followed as they foraged until they flew up and out of the

• Conservation of Cordylanthue palmatus, Center for Conservation Biology, Stanford Unlveralty
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patch. A compass bearing was taken on each departing bee before it disappeared

from sight, usually at a distance of about 50 meters. A total of 31 flight paths were

recorded from three patches of C. palmatus.

Bombus m=rk-release-resiahtino. A mark-release-resightingexperimentwas

conductedto determinethe extentto which individualBombus workersvisiteddifferent

patchesof Cordylanthus palmatus duringforaging. The five C. palmatus patchesused

for Bombus surveyswere used as studysitesfor thisexperiment.Bees werecaptured

while foragingand placedin glass vialson ice for about 15 minutes. The low-

temperatureexposure immobilizedthe bees longenoughto allow placementof three

color-codedmarkson the thorax,justbetweenthe wings. The beeswere releasedon

or near the planton whichthey werecaptured. Bees seemed unaffectedby the

treatment,usually regainingflightcapacitywith!na few minutesof releaseand sunlight

exposure. The markswere distinguishablewhilebees foraged so that recapturewas

not necessary. Resightingof markedbees were madeduringthe daily 10-minute

surveys. A totalof 46 beeswere markedat the five sitesfrom 1 Julyand 19 July 1993.

Visualsurveys for "resightings"were conducteduntil28 July 1993.

__. A pollinatorexclusionexperimentwas performedto assessthe

importanceof pollinatorsfor fruitand seed productionin Cordylanthus pa/matus, and

to address the question of pollinator limitation. Thirty-four plants which were not fully •

in bloom were selected and randomly placed into three treatment groups: excluded,

hand-pollinated, and a naturally-pollinated control.

The three experimentaltreatments were establishedon 23 June 1993. 1) Nine •

plants were surrounded with wire mesh cages to completely exclude Bombusworkers

(smaller insects, such as solitary bees, which are possible pollinators (see CCB 1993),

Conservation of Cordylanfhue palmatu=, Canter for Conservation Biology, Stanford University
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were not excluded by the mesh); 2) eleven plants were surrounded with mesh cages,

and were hand-pollinated on 2 July and 30 July 1993; and 3) fourteen plants were left

uncaged and were not hand pollinated and serve as a naturally-pollinated control.

Since Cordylanthus palmatusflowers from the base of a stalk upwards, stalks

with open flowers were marked with dental floss to indicate the position of the first

unopened flowers. One-half of the open flowers on each plant within the hand-

pollinated treatment group were marked with floss and pollinated. Corolla lips were

parted to expose the pistil, and the mature stamens from a flower of a neighboring (<1

m distant) plant were twice swabbed across the upper surface of the treatment flower

Since previous studies by the CCB (1993) found no differences between self-

pollinated and outcrossed treatments in the number of flowers setting seed and the

number of seeds per capsule, only one of these treatments (outcr0ssed) was used for

this study. Fresh stamens were used for each pollination, and the donor plants were

chosen at random. These flowers were pollinated again 48-72 hours later if the

• flowers did not appear to have withered significantly. Half of the flowerswhich had

opened during this interim were also marked and pollinated. These newly-pollinated

flowers were also pollinated a second time 48-72 hours later if they had not withered

• significantly. As a result,approximatelyone-half of the flowers open from 2 July to 10

July 1993 were pollinated twice. A second set of flowers on the same plants were

similarly marked and pollinated on 30 July, and repollinated on 2 August.

• Only one-half of the open flowers were pollinated because of fears that

unforeseen resource limitations, such as the availability of mid-summer water, might

overburden individual plants, and result in the abortion of developing seeds -- a

• condition that could render interpretation of the data difficult. It was assumed that only

pollinating half of the available flowers would produce adequate sample sizes without

overburdening the reproductive capacity of the plants. Plants from both the naturally-

• Conservation of Cordylanthua palmatus, Canter for Conservation Biology, Stanford University
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pollinated control and pollinator exclusion treatment groups were shaken gently for

several seconds at the time of hand-pollination to standardize the amount of handling

each plant received.

On 7 September 1993, the exclosures were removed and portions of all 34

plants were clipped and returned to the lab for scoring. The number and location of

flowers found on 30 cm of stalk were recorded, as was the presence of fruit capsules

and the number of seeds per capsule. ANOVA was used to compare the proportion of

flowers fruiting, and the number of seeds produced per capsule among the three

treatment groups.

See Figure 3 for location of pollination study sites.

Results and Discussion •

Bombus suwevs. Three speciesof Bombus were observed visiting

Cordylanthus palmatus during the daily surveys: Bombus cafifornicus (which had

been previously recorded visiting C. palmatus at Sprlngtown), Bombus vosnesenskfi,

and Bombus occidentafis. Another large-bodied bumblebee, apparently a fourth

Bombus species (identification pending), was observed, along with B. vosnesenskii,

foraging on coyote thistle, Eringium aristulatum, which bordered one of the large C. •

palmatus patches. These results indicate that C. palmatus is pollinated by multiple

species of Bombus.

The flight paths of Bombus individuals leaving Cordylanthus palmatus patches •

after foraging are plotted in Figures 4a and 4b. The convergence of paths from

different patches of C. palmatus suggest the locations in where Bombus nests may be

located. Two such zone appear to be located in the grassy uplands in the northwest •

portionsof the cityproperty,and on FCC lands,acrossLorraineStreetfrom the main

areas occupiedby C. palmatus. Thus, likelyBombus nestingareas appear to be
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located hundreds of meters away from the patches of C. palmatus.. Somewhat

surprisingly, the upland areas only lOs of meters distant from areas supporting high

densities of C. palmatus did not appear to be used for nesting sites (note that the as

yet unidentified Bombus that was observed visiting Eringiumdid nest in the vicinity of

C. palmatus).
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Figure 3. Locations of Bombus survey sites at Springtown Alkali Sink. •
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• Figure 4a. Flight paths of Bombus californicus workers leaving Cordylanthus palmatus patches.
Assuming direct flights out of patches returning to nests, areas in which vectors appear to
converge suggest possible nest sites.
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• Each arrow indicates the flight line of a single pollen-laden worker.

Conservation of Cordylanthus palmatus, Center for Conservation Biology, Stanford University
7/14/94 25



Figure 4b. Flight paths ofBombus vosnesenskii workers leaving Cordylanthuspalmatus patches.
Assuming direct flights out of patches returning to nests, areas in which vectors appear to •

cbnver_e sulkiest possible nest sites.
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Each arrow indicates the flight line of a single pollen-laden worker. •
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